Scenedesmus obliquus was cultivated in three types of waste discharges to couple waste treatment with biodiesel production. The lipid pool accumulation was boosted to 1.0 g liter ؊1 against 0.1 g liter ؊1 for the control. The waste-grown S. obliquus showed an increase in the content of the saturated fatty acid pool, which is desirable for good-quality biodiesel.
. Various quantities of PL were mixed with distilled water and with MSST and FP discharges (overnight) and were filtered through Whatman no. 44 filter paper. FP and MSST discharges alone (no PL added) and all the filtrates listed above were sterilized separately and used as growth media for S. obliquus. The nutrient removal efficiency of S. obliquus was analyzed in intervals of 7 days over a period of 35 days in a batch mode study using 50 ml of liquid medium (in a 150-ml Erlenmeyer flask) at 25 Ϯ 2°C and cycles of 14 h of light (75 mol photons m Ϫ2 s Ϫ1 photosynthetic active radiation) and 10 h of dark. S. obliquus grown in N 11 medium (21) under the conditions described above is referred to here as the control.
Nutrient concentrations in MSST and FP discharges decreased significantly over the experimental period, and on day 35, PO 4 3Ϫ , NH 4 ϩ , NO 3 Ϫ , and NO 2 Ϫ reached levels that were under the detectable limits, corresponding to 100% biofiltration efficiency ( Table 1 ). The pH and DO values showed rising trends as a consequence of carbon dioxide uptake and oxygen release during the process of algal photosynthesis (6) . A fall in TOC, BOD, and COD values indicates that S. obliquus, in addition to its autotrophic mode, was able to utilize organic matters in a mixotrophic nutritional mode, as seen previously with Chlorella sorokiniana (8) .
Nutrient removal by S. obliquus analyzed at different concentrations (5 to 20 g liter Ϫ1 ) of PL supplementation showed the following trends on day 21 (Table 2 ): for NO 3 Ϫ and NO 2 Ϫ , 100% removal; for NH 4 , 97 to 99% removal; for orthophosphate, 92 to 98% removal; and for TOC, 41 to 52% removal. As these experiments were performed under axenic conditions, the reduction in TOC is, therefore, attributed solely to utilization by S. obliquus.
Biomass and lipid yield of S. obliquus in wastes. The S. obliquus biomass was harvested by centrifugation (3,500 ϫ g for 10 min) and dried under vacuum conditions before being analyzed for lipid content following the procedure described by Mandal and Mallick (13) . A biomass yield of up to 2.3 g liter Ϫ1 was obtained in 20 g liter Ϫ1 PL-supplemented distilled water against 1.0 g liter Ϫ1 in the N 11 control (data not shown). This value was profoundly higher than the yield (0.3 to 0.5 g liter Ϫ1 ) seen with typical microalgal cultivation (23) . However, the maximum lipid yield (295 mg liter Ϫ1 ) was reported in experiments using 10 g liter Ϫ1 PL-supplemented cultures. The addition of 5 g liter Ϫ1 PL to FP or MSST discharge resulted into a lipid yield comparable to that seen with 10 g liter Ϫ1 PL supplementation in distilled water (Table 3) . Thus, these results imply that S. obliquus need not compete with other users of precious freshwater resources and that waste discharges such as sewage, fish pond discharge, and poultry litter could be used as suitable media for algal cultivation and lipid production. a Values represent averages Ϯ standard errors of data based on three independent determinations. Values followed by the same letter did not differ significantly, as determined by Duncan's multiple-range test (P Ͻ 0.05). A separate analysis was done for each column.
b Values in parentheses represent lipid content percentages determined on the basis of percent dry cell weight.
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Lipid yield under optimized conditions. In our earlier report (13) , transferring stationary-phase S. obliquus to a medium containing 0.04 g liter Ϫ1 nitrate, 0.03 g liter Ϫ1 phosphate, and 1.0 g liter Ϫ1 thiosulfate for 8 days was found to boost lipid accumulation. Thus, when S. obliquus was cultured in waste discharges up to the stationary phase and subsequently subjected to the optimized conditions at the second stage, the lipid pool accumulation was raised to 947 to 1,049 mg liter Ϫ1 , a range of values that is ϳ9-fold higher than that seen with the control (Table 4 ). The yield is comparable to that seen with Nannochloropsis sp. UTEX LB1999, where a lipid yield of up to 1,099 mg liter Ϫ1 was recorded in experiments using continuous nitrate-fed medium with 3% CO 2 purging (22) .
Analysis of S. obliquus biodiesel. The acid-catalyzed transesterification of algal oil was carried out using a 60:1 molar ratio of methanol to oil, and the top organic layer was taken for analysis using a gas chromatograph (GC) (Clarus 500; PerkinElmer, Shelton, CT) equipped with an Elite-1 dimethylpolysiloxane capillary column (30 m by 0.25 mm by 0.25 m) and a flame ionization detector used in split mode (1:50 [vol/vol]). The fatty acid methyl ester composition values of the biodiesel were determined by comparing the retention times of various standards (Sigma) and were confirmed by analysis using GCmass spectrometry (GC-MS) (Autosystem XL; Perkin-Elmer, Shelton, CT). Methylpentadecanoate was used as the internal standard.
Palmitic acid was found as the major constituent in N 11-grown cultures (Table 5 ). Linolenic acid content was marginally higher than the specified limit of 12% (3). Interestingly, the waste-grown cultures showed a rise in palmitic acid content whereas linolenic and linoleic acid levels were reduced, indicating an increase in the oxidative stability of biodiesel. Piorreck et al. (17) and Pohl and Wagner (19) reported an increase in palmitic and oleic acid content using a low level of nitrogen. The level of nitrogen in waste discharges is significantly lower than that seen with N 11 medium. This might have been the cause for the rise in palmitic acid content of S. obliquus grown in waste discharges.
For a municipal wastewater treatment plant (Titagarh, Kolkata, India) that releases 183.6 m 3 wastewater h Ϫ1 (20), we calculated S. obliquus biodiesel production over a culture period of 21 days with an 8-day optimization period. Lipid pro- 
